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The anatomy of eight species of Okenia, four species traditionally placed in

Hopkinsia and one species of Sakishimaia was examined. The descriptions of previ-

ously described species, Okenia pellucida, O. japonica, Hopkinsia rosacea, H. plana,

H. pilosa, H. nakamotoensis and Sakishimaia kondoi were expanded from prior mor-

phological studies. Six new species of Okenia are described from the Indo-Pacific

tropics. Okenia brunneomaculata is described from specimens collected from

Indonesia and the Philippines. Okenia purpureolineata is known only from Okinawa
in the Ryukyu Islands. Okenia kendi is described from specimens from Indonesia and

the Philippines. Okenia virginiae is described from South Africa and is also known
from Oman. Okenia lambat is described from the Philippines. Okenia liklik is

described based on specimens from Papua New Guinea and the Philippines.

Preliminary phylogenetic studies reveal several important aspects about the rela-

tionships of these taxa. Collectively, these taxa appear to form a monophyletic clade.

Okenia mediterranea is the most basal taxon in the present analysis and is the sis-

ter group to all of the other taxa. Hopkinsia, Sakishimaia and Hopkinsiella are nest-

ed within Okenia in the analysis presented. The characteristics employed to distin-

guish Sakishimaia and Hopkinsiella from Hopkinsia are not distinctly different or

represent autapomorphies or symplesiomorphies. Hopkinsia, when Sakishimaia and

Hopkinsiella are included, constitutes a monophyletic taxon. However, maintenance

of Hopkinsia as a distinct taxon renders Okenia paraphyletic. On this basis,

Hopkinsia, Hopkinsiella and Sakishimaia are considered as synonyms of Okenia to

preserve the monophyly of this oldest taxon.

The Indo-Pacific Goniodorididae consist of species that have been placed in the genera Ancula

Loven, 1846; Goniodoris Forbes and Goodsir, 1839; Goniodoridella Pruvot-Fol, 1933; Hopkinsia

MacFarland, 1905; Hopkinsiella Baba, 1938; Murphydoris Sigurdsson, 1991; Okenia Menke,

1830; Sakishimaia Hamatani, 2001; Spahria Risbec, 1928 and Trapania Pruvot-Fol, 1931. These

taxa have been sporadically studied for the last 100 years with additional species described in a

wide variety of faunistic and systematic treatments. Recently, Rudman's (1987) monographic study

of Indo-Pacific species of Trapania has significantly added to our knowledge of Indo-Pacific

Goniodorididae. Few taxonomic studies have focused on the distinctions between the genera

Okenia, Hopkinsiella, Hopkinsia and Sakishimaia. Bouchet and Ortea (1983) revised the system-

atic distinctions between the former three genera and concluded that Okenia and Hopkinsia repre-

sent distinct genera, whereas Hopkinsiella is regarded as junior synonym of Hopkinsia. Most

recently, Hamatani (2001) described two new species from Japan, a species of Hopkinsia and a

member of a new genus, Sakishimaia.
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Recent investigations of tropical coral reef ecosystems throughout the Indo-Pacific tropics

from South Africa, the Philippines, Indonesia, Papua New Guinea, the Marshall Islands, and the

Hawaiian Islands have yielded specimens of six new species of Okenia. Description of these taxa

is the focus of this investigation. The discovery of additional specimens Okenia pellucida Burn,

1967; O.japonica Baba, 1949; Hopkinsiapilosa Bouchet and Ortea, 1983; Hopkinsia nakamotoen-

sis Hamatani, 2001 and Sakishimaia kondoi Hamatani, 2001 has permitted the amplification of

these species. Anatomical examination of these taxa and preliminary phylogenetic analyses under-

taken here require systematic revision of several goniodoridid taxa. All specimens examined here

are housed in the Department of Invertebrate Zoology and Geology of the California Academy of

Sciences (CASIZ) and the South African Museum (SAM).

Species descriptions

Okenia Menke, 1830

Type species: Okenia elegans (Leuckart, 1828), by monotypy.

Idalia Leuckart, 1828 (type species, Idalia elegans (Leuckart, 1828), by original designation).

Idaliella Bergh, 1881 (type species, Idaliella elegans (Leuckart, 1828), by original designation).

Idalina Norman, 1890 (type species. Idalina elegans (Leuckart, 1828), by original designation).

Cargoa Vogel and Schultz, 1970 (type species Cargoa cupella Vogel and Schultz, 1970, by original designa-

tion).

Hopkinsia MacFarland, 1905 (type species: Hopkinsia rosacea MacFarland, 1905, by monotypy). syn. NOV.

Hopkinsiella Baba, 1938, (type species, H. hiroi Baba, 1938, by original designation), syn. nov.

Sakishimaia Hamatani, 2001, (type species, S. kondoi Hamatani, 2001, by original designation), syn. nov.

Okenia pellucida Burn, 1967

(Figs. IF, 2-3)

Okenia pellucida Burn. 1967:52, pis. X-XI, figs. 1-3.

Material examined. —CASIZ 078645, seven specimens, Maalena Bay, Maui, Hawaiian

Islands, 6 m depth, 4 June 1991, P. Fiene Severns. CASIZ 078493, 26 specimens, 1 dissected,

Marang River Mouth, 16 km s. of Kuala Terengganu, Malay Peninsula, Malaysia, intertidal zone,

26 July, 1991, T.M. Gosliner. CASIZ 168016, two specimens, Sand Island. Palmyra Atoll, Oceania,

10 mdepth, 27 May 2002, T.M. Gosliner.

Distribution. —Australia (Burn 1967). United Arab Emirates (Behrens 2001), Hawaii

(Gosliner. Johnson, and Bertsch 1986). Japan (Kurihara 1999) Palmyra Atoll and Malaysia (both

from present study).

Natural History. —Okenia pellucida, together with its elongate egg masses, is found com-

monly on large masses of the ctenostomatous bryozoan. Zoobotryon sp.

External morphology. —The body is elongate (7-20 mmin length) with numerous elon-

gate, rounded papillae situated along the notal margin and on the remainder of the notum. The body

(Fig. IF) is translucent white with numerous thin brown lines that form an interconnecting network

on the notum. The rhinophores also contain patches of brown pigment. The rhinophores are elon-

gate with 1 1 well-spaced lamellae. The gill consists of 8 bipinnate branches.

Digestive system. —The buccal mass is thick and muscular with a rounded buccal pump
directed dorsally. Numerous small, elongate, pyriform oral glands are present at the opening of the

buccal mass into the mouth. The radular sac is short and extends ventrally from the buccal mass.

The esophagus is thin and elongate and inserts into the buccal mass immediately ventral to the buc-
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Figure 1. Living animals. A. Okenia kendi sp. nov., Sepok Point, Luzon, Philippines. B. Okenia lambat sp. nov.

CCASIZ 084283), Devil's Point, Luzon, Philippines. C. Okenia virginiae sp. nov. (SAMA 35558), Vetchies Pier, Durban,

South Africa. D. Okenia purpureolineata sp. nov., Seragaki Tombs, Okinawa, Japan, photo by R.F. Bolland. E. Okenia

brunneomaculata sp. nov., Luzon, Philippines. F. Okenia pellucida Burn, 1967 (CASIZ 071398), Hawaii. G. Okenia liklik

sp. nov., Barracuda Point, Madang, Papua New Guinea. All photos by T.M. Gosliner except as otherwise noted.
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cal pump. A rounded, lobate salivary gland is

present on either side of the buccal mass ante-

rior to the junction of the esophagus with the

buccal mass. A labial cuticle surrounds the lips

at the opening of the mouth. It contains irregu-

lar polygonal plates. The cuticle expands as it

enters the buccal pump. The radular formula is

16 x 1.1.0.1.1. in one specimen examined. The

inner lateral teeth (Fig. 2) are wide basally with

an elongate acute bifid cusp. The masticatory

margin of the inner lateral bears 17 triangular

denticles that increase in size in the direction of

the outer margin. The outer laterals are small

and reduced (Fig. 2) with two short, blunt

cusps along the outer edge.

Reproductive system (Fig. 3). —The

preampullary duct is thin and elongate and

expands into the elongate, sausage-shaped

ampulla. The ampulla divides into a short

oviduct that enters the female gland mass and a

more elongate vas deferens. The proximal por-

tion of the vas deferens is prostatic but relative-

ly narrow. It curves and continues as an elon-

gate loop that eventually widens slightly into

the highly convoluted muscular, ejaculatory

portion. The penial bulb is wide and conical.

From it protrudes a rounded, fleshy penial

papilla. The vagina is short and wide at its exit

adjacent to the penis. More distally it narrows

and continues as a thin duct that enters the base

of the large, pyriform bursa copulatrix. From

the base of the bursa is a second duct that joins

with the smaller, more rounded receptaculum

seminis. Near the base of the receptaculum the

uterine duct separates from the duct joining the

receptaculum and bursa and enters the female

gland mass. The female gland mass consists of

three portions, the albumen, membrane and

mucous glands. The mucous gland is the

largest of the nidamental glands.

Discussion. —Okenia pellucida is imme-

diately identifiable by its translucent white

body color with a network of interconnecting

thin brown lines. The present material agrees

closely with that originally described by Burn

(1967), with several exceptions. Burn did not describe the presence of oral glands surrounding the

anterior end of the buccal mass. The original description included specimens with as many as 28

Figure 2. Okenia pellucida Burn, 1967 (CASIZ

078493). Scanning electron micrograph of radular teeth.

Figure 3. Okenia pellucida Burn. 1967 (CASIZ 078493).

Reproductive system, am = ampulla, be = bursa copulatrix,

fgm = female gland mass, p = penis, rs = receptaculum sem-

inis. v = vagina, vd = vas deferens; scale = 0.6 mm.
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rows of radular teeth whereas the present material had only 16 rows. Burn also described the inner

lateral teeth as having a smooth masticatory margin. The present material from Malaysia and spec-

imens previously reported from the Hawaiian Islands (Gosliner, Johnson, and Bertsch 1986) have

a series of triangular denticles along the masticatory margin. Despite these differences, the consis-

tency in external anatomy, color pattern and reproductive anatomy suggest that all the material

identified previously and from this study are conspecific. Recent records of this species support its

wide ranging distribution from the United Arab Emirates to the Hawaiian Islands and Palmyra

Atoll. This wide distribution of Okenia pellucida is not only facilitated by dispersal of plank-

totrophic larvae, but also by its association with the ctenostomatous bryozoan, Zoobotryon sp.,

which forms large masses carried by oceanic currents.

Okenia brunneomaculata Gosliner, sp. nov.

(Figs. IE. 4-5)

Type material. —Holotype: CASIZ 168019, 20 m. depth, Ligpo Island, Calumpan Penin-

sula. Batangas Province. Luzon, Philippines, 1-2 m depth, 24 March 1993, T.M. Gosliner.

Paratypes: CASIZ 085876, 4 specimens, 2 dissected, 20 m. depth, Ligpo Island, Calumpan Penin-

sula. Batangas Province, Luzon, Philippines, 1-2 mdepth, 24 March 1993, T.M. Gosliner. CASIZ
083853. 1 specimen. 20 m. depth, Sepok Point, Maricaban Island, Batangas Province, Luzon,

Philippines. 1-2 mdepth. 26 February 1992, T.M. Gosliner. CASIZ 168017, three specimens, Tul-

amben, Bali, Indonesia, 21 October 2001, M.D. Miller. CASIZ 168018, two specimens, Tulamben,

Bali. Indonesia. 21 October 2001, M.D. Miller.

Etymology. —The specific name, Okenia brunneomaculata, comes from the scattered

brown spots found on the dorsal surface of the notum.

Distribution. —This species is known only from Luzon Island, Philippines and Bali,

Indonesia (present study).

Natural History. —This species is found on ctenostomatous bryozoans on the undersides

of the large foliose sponge colonies.

External morphology. —The living animals (Fig. IE) are small, 4-6 mmin length. The

preserved specimens are 2-3 mm. long. The body is moderately short and relatively high. There is

a well-developed, distinct notal border. The foot extends posteriorly and is devoid of notal papil-

lae. The body color is uniformly translucent white. There is a lateral band of chocolate brown and

irregular spots of the same color scattered over the notum. There are 5-6 pairs of elongate notal

papillae along the sides of the body. The two anteriormost pairs of papillae are situated in front of

the rhinophores and are anteriorly directed. Four to seven elongate papillae are scattered mid-dor-

sally anterior to the gill. A single mid-dorsal papilla is present posterior to the gill. The gill consists

of 3-5 unipinnate branches. The rhinophores are elongate with 10 well-spaced lamellae. The ante-

rior end of the foot contains two elongate triangular lobes that are united medially. The genital aper-

ture is situated on the right side of the body approximately a third of the length of the body poste-

rior to the head. The foot is narrow and widens anteriorly The oral tentacles (Fig. 4A) are elongate

and extend well beyond the margin of the foot.

Digestive system. —The buccal mass is thick and muscular with a rounded buccal pump
directed posteriorly. There are no obvious oral glands around the mouth. The radular sac is short

and extends ventrally from the buccal mass. A labial cuticle surrounds the lips at the opening of the

mouth but no discrete jaw elements are visible. The cuticle expands as it enters the buccal pump.

The radular formula is 14 x 1.1.0.1.1. in one specimen examined. The inner lateral teeth (Fig. 5 A)
are broad basally with an acutely pointed cusp and 9-11 elongate denticles along the masticatory
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Figure 4. Okenia bnmneomaculata sp. nov. (CASIZ

085876). A. Ventral surface of head; scale = 0.5 mm. B.

Reproductive system, am = ampulla, be = bursa copulatrix,

p = penis, pr = prostate, rs = receptaculum seminis; scale =

0.2 mm.

margin. The outer laterals are slightly smaller

and reduced (Fig. 5B) with bifid cusp with two

elongate projections along the outer side.

Reproductive system (Fig. 4B). —The

preampullary duct is short and thin and

expands into sausage-shaped ampulla. The

ampulla divides into a short, narrow oviduct

and the wider prostatic portion of the vas defer-

ens. The oviduct enters the lobate female gland

mass that consists of a small albumen gland, a

lobed membrane gland and a larger, smooth

mucous gland. These nidamental glands exit

ventrally to the vagina and penis. The prostatic

portion of the vas deferens is wide and consists

of two folded segments. The distal end of the

prostatic segment narrows into a short, curved

ejaculatory portion that terminates in a narrow

penis. There is no distinct penial papilla. The

vagina exits adjacent to the penis. It is narrow

and elongate and connects directly to the large,

spherical bursa copulatrix. At the base the

bursa, the receptaculum duct emerges and par-

allels the vagina for some distance prior to join-

ing the large, pyriform receptaculum seminis.

The uterine duct emerges from near the base of

the receptaculum and enters the female gland

mass.

Discussion. —Several other species of

Okenia have a whitish body color with brown

markings: O. angelensis Lance, 1966; O.

zoobotiyon (Smallwood, 1910); O. impexa

Marcus, 1957; O. mija Burn, 1967, O. pelluci-

da Burn. 1967. All of these other species have

much shorter notal papillae than does O. bnm-

neomaculata. In O. bnmneomaculata, the notal

papillae are as long as the width of the body.

The dorsal brown spots and bands of O. bnm-

neomaculata are much larger than those found

in the remaining species. The internal anatomy of O. mija remains unknown. Of the remaining

species. O. zoobotiyon and O. angelensis have outer lateral teeth that are short and rounded with

bifid cusp (Marcus 1957; Valdes and Ortea 1995; Lance 1966). Okenia bnmneomaculata and O.

impexa have elongate outer laterals with a bifid cusp. In O. impexa. the outer lateral tooth has an

additional basal denticle that is not present in O. bnmneomaculata. Okenia impexa also has a sin-

gle mid-dorsal papilla, whereas O. bnmneomaculata has numerous dorsal papillae.

Figure 5. Okenia bninneomaculata sp. nov. (CASIZ

085876). Scanning electron micrographs of radular teeth. A.

Inner lateral teeth. B. Outer lateral teeth. Scale = 2um.
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Okenia japonica Baba, 1949

(Figs. 6-7)

Okenia {Okenia) japonica Baba, 1949:45, fig. 45, pi. 15, fig. 52, Rudman and Darvell, 1990:39, pi. 2a.

Material examined. —CASIZ 070216, 1 specimen. 170 ft. [52 m] deep, Seragaki Beach,

Okinawa, 22 April 1989, R.F. Bolland. CASIZ 099075, 1 specimen, 190 ft [58 m] deep, Seragaki

Tombs. Okinawa. 12 March 1994, R.F. Bolland. CASIZ 105350, 2 specimens, 180 ft [55 m] deep,

Seragaki Beach, Okinawa, 24 March 1994, R.F. Bolland. CASIZ 115378, 1 specimen, 190 ft [58

m] deep. Seragaki. Okinawa. 30 April 1989. R.F. Bolland. CASIZ 115382, 2 specimens dissected,

195 ft [59 m] deep, Seragaki, Okinawa, 11 April 1997, R.F. Bolland. RFB 2135B 180 ft [55 m]

deep, Seragaki, Okinawa, 30 April 1989, R.F. Bolland.

Distribution. —This species is known from Sagami Bay and Kii, Japan (Baba 1949) and

Hong Kong (Rudman and Darvell 1990) and is here recorded from Okinawa in the Ryukyu Islands.

Natural History. —Okenia japonica was collected on erect arborescent bryozoans in 50-60

mdepth (R. Bolland, pers. commun.).

External morphology. —The living ani-

mals are 10-13 mmin length. The body is mod-

erately elongate and relatively high. There is

well-developed, distinct notal border. The foot

extends posteriorly and is devoid of notal papil-

lae. The body color is uniformly translucent

white with a dense, uniform covering of opaque

white. There are 6-7 pairs of elongate notal

papillae along the sides of the body. The two

anteriormost papillae are situated in front of the

rhinophores and are anteriorly directed. A single

medial papilla is present mid-dorsally anterior to

the gill. The gill consists of 4-5 unipinnate

branches. The anteriormost branch is frequently

bifid at the base. The rhinophores are elongate

with 7-8 congested lamellae. The anterior end of

the foot contains two elongate triangular lobes

that are united medially. The genital aperture is

situated on the right side of the body approxi-

mately a third of the length of the body posterior

to the head. The foot is narrow and is wider ante-

riorly. The oral tentacles (Fig. 6A) are broadly

triangular and extend beyond the lateral margins

of the foot.

Digestive system. —The buccal mass is

thick and muscular (Fig. 6B) with a rounded

buccal pump directed dorsally. Numerous, large,

B

Figure 6. Okenia japonica Baba, 1949 (CASIZ1 15382).

A. ventral view of head, scale = 1 mm. B. Buccal mass, bp =

buccal pump, e = esophagus, g = oral glands, r = radula sac,

sg = salivary gland; scale = 0.25 mm. C. Reproductive sys-

tem, am = ampulla, be = bursa copulatrix, p = penis, pr =

prostate, rs = receptaculum seminis; scale = 0.2 mm.
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Figure 7. Okenia japonica Baba, 1949 (CASIZ 115382).

Scanning electron micrograph of radular teeth; scale = 20

(am.

elongate, pyriform oral glands are present at the

opening of the buccal mass into the mouth. The

radular sac is short and extends ventrally from

the buccal mass. The esophagus is thin and

elongate and inserts into the buccal mass

immediately ventral to the buccal pump. A
rounded, lobate salivary gland is present on

either side of the buccal mass anterior to the

junction of the esophagus with the buccal mass.

A labial cuticle surrounds the lips at the open-

ing of the mouth. It contains irregular polygo-

nal plates. The cuticle expands as it enters the

buccal pump. The radular formula is 20 x

1.1.0.1.1. The inner lateral teeth (Fig. 7) are

wide basally with an elongate acute cusp. The

masticatory margin of the inner lateral bears

about 19-22 triangular denticles that increase

in size in the direction of the outer margin. The

outer laterals are small and reduced (Fig. 7)

with a short cusp along the outer edge.

Central nervous system. —The ganglia

of the central nervous system are highly con-

centrated and surround the esophagus, at the

posterior end of the buccal mass. The cerebral and pleural ganglia are largely fused. A sessile eye

is present at the base of either cerebral ganglion. The pedal ganglia are smaller than the cerebro-

pleural ganglia and are separated by a short commissure. Paired buccal ganglia are situated ventral

to the esophagus.

Reproductive system (Fig. 6C). —The preampullary duct is short and thin and expands into

an ovoid ampulla. The ampulla divides into a short, narrow oviduct and the wider prostatic portion

of the vas deferens. The oviduct enters the lobate female gland mass that consists of a small albu-

men gland, a lobed membrane gland and a larger, smooth mucous gland. These nidamental glands

exit ventrally to the vagina and penis. The prostatic portion of the vas deferens is wide and consists

of a single, undivided portion. The distal end of the prostatic segment narrows into an elongate,

straight ejaculatory portion that terminates near the base of the wide, elongate penis. There is no

distinct penial papilla. Inside the distal end of the penis are penial spines. The vagina exits adjacent

to the penis. It is wide and elongate basally and narrows more proximally. The narrow portion con-

nects directly to the spherical bursa copulatrix and the smaller, pyriform receptaculum seminis.

Near the middle of the narrow portion of the vagina, the uterine duct separates and enters the albu-

men gland.

Discussion. —This species has been documented only once since its original description

(Baba 1949: Rudman and Darvell 1990). The presence of a yellowish white body with fine opaque

white markings is consistent between the original description and the present material. The num-

ber of notal appendages, the presence of a single medial papilla and a basally bifid anterior gill

branch are also consistent between the original and present material. The denticulation and shape

of the radular teeth are also very similar. The only difference noted is that Baba described 5-8 mm
animals with 32-35 row of radular teeth whereas the present material (10-13 mm) has only 20

rows. The large oral glands were not noted by Baba nor was the reproductive anatomy described.
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There is little doubt that the present material from deep water in Okinawa represents the same

species originally described by Baba.

Okenia purpureolineata Gosliner, sp. nov.

(Figs. ID. 8-9)

Type material. —Holotype: CASIZ 168020, 160 ft deep, Seragaki Beach, Okinawa, 2 June

1989. R.F. Bolland. Paratypes: CASIZ 099097, 1 specimen, 190 ft [58 m] deep, Seragaki Tombs,

Okinawa 12 March 1994. R.F. Bolland. CASIZ 099085, 1 specimen, 175 ft [53 m] deep, Seragaki

Tombs. Okinawa 18 February 1994, R.F. Bolland. CASIZ 070256, 1 specimen, dissected, 160 ft

[49 m] deep. Seragaki Beach, Okinawa, 2 June 1989,, R.F. Bolland. CASIZ 070217, 1 specimen,

180 ft. [55 m] deep, Seragaki Beach, Okinawa, 30 April 1989, R.F. Bolland.

Etymology. —The species name. Okenia purpureolineata, is derived from the presence of

longitudinal purple lines on the dorsal surface of the body.

Distribution. —This species is known only from Okinawa in the Ryukyu Islands (present

study).

Natural History. —Okenia purpureolineata was collected on erect arborescent bryozoans

in 49-60 mdepth (R. Bolland. pers. commun.).

External morphology. —The living animals (Fig. ID) are 10-12 mmin length. The body

is moderately elongate and relatively high. There is a well-developed, distinct notal border. The

foot extends posteriorly and is devoid of notal papillae. The body color is uniformly translucent

purple. There is an irregular network of darker purple lines on the dorsal surface of the notum.

Darker purple pigment is also present on the gill lamellae. The rhinophores are dark purple basal-

ly and red throughout most of their length. There are seven pairs of elongate notal papillae along

the sides of the body. The two anteriormost pairs of papillae are situated in front of the rhinophores

and are anteriorly directed. Two medial papillae are present mid-dorsally anterior to the gill. The

gill consists of 4-5 unipinnate branches. The

rhinophores are elongate with 18-21 congested

lamellae. The anterior end of the foot contains

two elongate triangular lobes that are united

medially. The genital aperture is situated on the

right side of the body approximately a third of

the length of the body posterior to the head.

The foot is narrow and is wider anteriorly. The

oral tentacles are broadly triangular and extend

beyond the lateral margins of the foot.

Digestive system. —The buccal mass is

thick and muscular (Fig. 8A) with a rounded

buccal pump directed posterodorsally.

Numerous large, elongate, pyriform oral glands

are present at the opening of the buccal mass

into the mouth. The radular sac is short and

Figure 8. Okenia purpureolineata sp. nov. (CASIZ
070256). A. Buccal mass, bp = buccal pump, e = esopha-

gus, g = oral glands, r = radula sac, sg - salivary gland;

scale = 0.25 mm. B. Reproductive system, am = ampulla,

be = bursa copulatrix, fgm = female gland mass, pr =

prostate, rs = receptaculum seminis, v = vagina; scale =

0.35 mm.
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extends ventrally from the buccal mass. The

esophagus is thin and elongate and inserts into

the buccal mass immediately ventral to the buc-

cal pump. A rounded, lobate salivary gland is

present on either side of the buccal mass ante-

rior to the junction of the esophagus with the

buccal mass. A labial cuticle surrounds the lips

at the opening of the mouth. It contains irregu-

lar rounded plates. The cuticle expands as it

enters the buccal pump. The radular formula is

28 x 1.1.0.1.1. The inner lateral teeth (Fig. 9A)

are wide basally with an elongate acute cusp.

The masticatory margin of the inner lateral

bears 9-12 coarse, triangular denticles. The

outer laterals are small and reduced (Fig. 9B)

and quadrangular.

Central nervous system. —The ganglia

of the central nervous system are highly con-

centrated and surround the esophagus, at the

posterior end of the buccal mass. The cerebral

and pleural ganglia are largely fused. A sessile

eye is present at the base of either cerebral gan-

glion. The pedal ganglia are smaller than the

cerebropleural ganglia and are separated by a

short commissure. Paired buccal ganglia are

situated ventral to the esophagus.

Reproductive system (Fig. 8B). —The

preampullary duct is short and thin and

expands into a large sausage-shaped ampulla.

The ampulla divides into a short, narrow

oviduct and the wider prostatic portion of the

vas deferens. The oviduct enters the lobate

female gland mass that consists of a small albu-

men gland, a lobed membrane gland and a larg-

er, smooth mucous gland. These nidamental glands exit ventrally to the vagina and penis. The pro-

static portion of the vas deferens is wide and bilobed. The distal end of the prostatic segment nar-

rows into an elongate, convoluted ejaculatory portion that terminates at the top of the widest por-

tion of the elongate penis. There is no distinct penial papilla. Inside the distal end of the penis are

penial spines. The vagina exits adjacent to the penis. It is narrow and elongate throughout its length.

The proximal end of the vagina enters the spherical bursa copulatrix. At the base of the bursa anoth-

er duct connects the large, pyriform receptaculum seminis. At the base of the receptaculum, the

short uterine duct separates and enters the albumen gland.

Discussion. —Okenia purpureolineata is similar to O. japonica in its external body shape.

Both species occur sympatrically in relatively deep water from Okinawa. Although O. japonica is

uniformly white in color, O. purpureolineata is purple with darker purple lines on the notum and

red rhinophores. Okenia purpureolineata has two mid-dorsal papillae but only one is present in O.

japonica. Both species have large oral glands surrounding the anterior end of the buccal mass, but

Figure 9. Okenia purpureolineata sp. nov. (CASIZ

070256). Scanning electron micrographs of radular teeth. A.

View of half row of radular teeth; scale = 19 pm. B. Outer

lateral teeth; scale = 12 pm.
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there are more numerous glands in O. purpureolineata, that are smaller in size. The inner lateral

teeth of O. purpureolineata have 9-12 large denticles along the masticatory border whereas there

are 19-22 finer denticles on the inner laterals of O. japonica. In the reproductive system of O. pur-

pureolineata, the receptaculum seminis and bursa copulatrix are well separated from each other

whereas in O. japonica they are immediately adjacent to each other.

Okenia kendi Gosliner, sp. nov.

(Figs. 1A. 10-11)

Okenia sp. 2 Gosliner, Behrens and Williams, 1996:171, fig. 605.

Type material. —Holotype: CASIZ 110451, 1 specimen, Bethlehem, Caban Island,

Batangas Province, Luzon, Philippines, 10 m depth, 24 April 1997, T.M. Gosliner. Paratypes:

CASIZ 085880. 2 specimens. Babbit, Calumpan Peninsula, Batangas Province, Luzon, Philippines

25 March 1993, T.M. Gosliner. CASIZ 085892, 2 specimens, Layalayag, Maricaban Island,

Batangas Province, Luzon, Philippines, 22 March 1993, T.M. Gosliner. CASIZ 085877, 2 speci-

mens, Sepok. Maricaban Island, Batangas Province, Luzon, Philippines, 10 m depth, 23 March

1993, T.M. Gosliner. CASIZ 085883, 2 specimens dissected, Sepok, Maricaban Island, Batangas

Province. Luzon, Philippines, 10 mdepth, 26 March 1993, T.M. Gosliner. CASIZ 097397, 1 spec-

imen, Devil's Point, Maricaban Island, Batangas Province, Luzon, Philippines, 10 m depth, 13

March 1994, T.M. Gosliner. CASIZ 105681, 1 specimen, Sepok, Maricaban Island, Batangas

Province. Luzon, Philippines, 10 m depth, 26 February 1995, T.M. Gosliner. CASIZ 106593, 1

specimen. Bethlehem, Caban Island, Batangas Province, Luzon, Philippines, 15 mdepth, 19 April

1996, T.M. Gosliner. CASIZ 093923, 2 specimens, Tandarusa Wreck and Pulau Kecil, Lembeh

Strait, Manado, Sulawesi, Indonesia, 5-6 November 1993, P. Fiene Severns.

Etymology. —The specific epithet kendi is the Filipino word for candy, in reference to its

appearance to a sweet confection.

DiSTRiBLTiON. —This species is known from the Luzon Island, Philippines (Gosliner,

Behrens, and Williams 1996) and Sulawesi, Indonesia (present study).

Natural History. —Okenia kendi is found on the underside of the large brown leafy sponge

Phyllospongia lamellosa (Esper, 1799), on shallow reefs in 5-15 meters of water, where it feeds

upon encrusting bryozoans (Gosliner, Behrens, and Williams, 1996).

External morphology. —The living animals (Fig. 1A) attain 30 mmin length. Preserved

specimens range in size from 15-25 mm. The body is wide and dorso-ventrally flattened. There is

a well-developed, distinct notal border. The foot extends posteriorly and is devoid of notal papil-

lae. The general body color is translucent yellowish white. There is a broad mid-dorsal band of

maroon pigment that runs from anterior to the rhinophores to the posterior end of the foot. The band

divides around the mid-dorsal papillae and the two bifurcations rejoin each other posterior to the

gills. The rhinophores and gill also have maroon pigment but also possess opaque white markings

along their lengths. The medial and marginal papillae are maroon at the base and possess purple

pigment more distally. There is a lateral line of maroon present on either side of the body between

the notum and the foot. There are eight pairs of elongate notal papillae along the sides of the body.

A single medial papilla is present mid-dorsally anterior to the gill. The gill consists of three unip-

innate branches that are bifid or trifid at the base. The rhinophores are elongate with 3 1 congested

lamellae. The anterior end of the foot contains two elongate rounded lobes that are united medial-

ly. The genital aperture is situated on the right side of the body approximately a third of the length

of the body posterior to the head. The foot is broad and is divided anteriorly. A groove separates

the foot from the mouth and oral tentacles (Fig. 10A).
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Figure 10. Okenia kendi sp. nov. (CSIZ 085883). A.

ventral view of head; scale = 0.5 mm. B. Buccal mass, bp

= buccal pump, e = esophagus, g = oral glands, r = radula

sac, sg = salivary gland, scale = 0.5 mm. C. Reproductive

system, am= ampulla, be = bursa copulatrix, fgm = female

gland mass, p = penis, pr = prostate, rs = receptaculum

seminis, v = vagina; scale = 0.4 mm.

Figure 11. Okenia kendi sp. nov. (CASIZ 085883).

Scanning electron micrograph of radular teeth; scale = 23

urn.

Digestive system. —The buccal mass is

thick and muscular (Fig. 10B) with a rounded

buccal pump directed posteriorly. There are a

few elongate oral glands around the mouth. The

radular sac is short and extends ventrally from

the buccal mass. The esophagus is thin and

elongate and inserts into the buccal mass imme-

diately ventral to the buccal pump. A rounded,

lobate salivary gland is present on either side of

the buccal mass anterior to the junction of the esophagus with the buccal mass. A labial cuticle sur-

rounds the lips at the opening of the mouth. It contains irregular rounded plates. The cuticle

expands as it enters the buccal pump. The radular formula is 26 x 1.1.0.1.1. The inner lateral teeth

(Fig. 11) are broad basally with an acutely pointed cusp and 35-38 elongate denticles along the

masticatory margin. The outer laterals are smaller and reduced (Fig. 11) with an elongate cusp

along their outer side.

Central nervous system. —The ganglia of the central nervous system are highly concen-

trated and surround the esophagus, immediately posterior to the buccal mass. The cerebral and

pleural ganglia are largely fused. A sessile eye is present at the base of either cerebral ganglion. The

pedal ganglia are smaller than the cerebropleural ganglia and are separated by a short commissure.

Paired buccal ganglia are situated ventral to the esophagus.

Reproductive system (Fig. 10C). —The preampullary duct is short and thin and expands

into an elongate ampulla. The ampulla divides into a short, narrow oviduct and the wider prostat-

ic portion of the vas deferens. The oviduct enters the lobate female gland mass that consists of a

small albumen gland, a lobed membrane gland and a larger, smooth mucous gland. These nidamen-
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tal glands exit ventrally to the vagina and penis. The prostatic portion of the vas deferens is wide

and consists of two folded portions. The distal end of the prostatic segment narrows into an elon-

gate, convoluted ejaculatory portion that terminates in a wide, elongate penis. There is no distinct

penial papilla. Inside the distal end of the penis are penial spines. The vagina exits adjacent to the

penis. It is wide and short and connects directly to the spherical bursa copulatrix. Near the base of

the vagina, the uterine duct separates and enters the albumen gland. From the base of the bursa cop-

ulatrix. a narrow duct connects the bursa with the large, pyriform receptaculum seminis.

DISCUSSION.—Two described species of Indo-Pacific species of Okenia are similar in exter-

nal appearance to O. kendi. Okenia plebeia (Bergh, 1902) and Okenia barnardi Baba, 1937, have

a series elongate appendages along the notal margins and possess a single elongate mid-dorsal

papilla. The color pattern of living specimens of O. plebeia is unknown. The radula of O. plebeia

has a similar formula to that of O. kendi. with 27-28 rows of teeth. The inner lateral teeth of O.

plebeia have approximately 30 denticles along the masticatory margin whereas O. kendi has 35-38

denticles. The outer lateral teeth of O. plebeia are rounded but those of O. kendi have a sharply

pointed apical extension. The reproductive system of O. plebeia has a short prostate with a muscu-

lar portion that is four times the length of the penis. In O. kendi, the prostate is long and the mus-

cular portion of the vas deferens is only about twice the length of the penis.

Okenia barnardi has a markedly different color pattern to that of O. kendi. It is light brown

with a darker brown band near the notal margin that is punctuated by opaque white spots. An
opaque white line is present dorsally on the posterior end of the foot. In contrast, O. kendi has a

pattern of maroon blotches located on the notum. The anatomy of O. barnardi is largely unde-

scribed. The radula was depicted in the original description (Baba 1937). The outer lateral teeth of

0. barnardi have a rounded apex whereas there is a pronounced apical denticle on the outer later-

als of O. kendi.

Okenia virginiae Gosliner, sp. nov.

(Figs. 1C. 12-13)

Okenia sp. Gosliner 1987: 92, fig. 159.

Okenia barnardi Debelius, 1996:196. upper photo, misidentification, not O. barnardi Baba, 1937.

Type material. —Holotype: SAMA35558, one specimen, dissected, Vetchies Pier, Durban,

South Africa, 28 April 1982, T.M. Gosliner.

Etymology. —Okenia virginiae is named for my mother, Virginia Malaney Gosliner, in

recognition of her nurturing my earliest interest in natural history.

Distribution. —This species is known from the Natal, South Africa (Gosliner 1987) and

Oman (Debelius 1996).

Natural History. —Okenia virginiae was found on the underside of a small rock in 2 meters

of water. The specimen when dissected was found to be parasitized by three trematodes.

External morphology. —The living animal (Fig. 1C) was 10 mmin length. It is 8 mmlong

in the preserved state. The body is wide and dorsoventrally flattened. There is well-developed, dis-

tinct notal border. The foot extends posteriorly and is devoid of notal papillae. The general body

color is translucent white. There is a broad mid-dorsal band of brown pigment that runs from ante-

rior to the rhinophores to the posterior end of the foot. It is interrupted by an irregular network of

white pigment. The notal papillae, rhinophores and gill have irregular maroon bands along their

length. There are 8 pairs of elongate notal papillae along the sides of the body. A single medial

papilla is present mid-dorsally anterior to the gill. The gill consists of three unipinnate branches

that are bifid or trifid at the base. The rhinophores are elongate with 21 congested lamellae. The
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Figure 12. Okenia virginiae sp. nov. (SAMA 35558). A. ventral view of head scale = 0.5 mm. B. Buccal mass, bp =

buccal pump, e = esophagus, g = oral glands, r = radula sac, sg = salivary gland; scale = 0.1 mm. C. Reproductive system,

am = ampulla, be = bursa copulatrix. fgm = female gland mass, p = penis, pr = prostate, rs = receptaculum seminis, v =

vagina; scale = 0.2 mm.

anterior end of the foot contains two elongate rounded lobes that are united medially. The genital

aperture is situated on the right side of the body approximately a third of the length of the body

posterior to the head. The foot is broad and is divided anteriorly. A groove separates the foot from

the mouth and elongate, triangular oral tentacles (Fig. 12A).

Digestive system. —The buccal mass is thick and muscular (Fig. 12B) with a rounded buc-

cal pump directed posteriorly. There are a few elongate oral glands around the mouth. The radular

sac is short and extends ventrally from the buccal mass. The esophagus is thin and elongate and

inserts into the buccal mass immediately ventral to the buccal pump. A rounded, lobate salivary

gland is present on either side of the buccal mass anterior to the junction of the esophagus with the

buccal mass. A labial cuticle surrounds the lips at the opening of the mouth. It contains irregular

polygonal plates with a denticulate margin (Fig. 13B). The cuticle expands as it enters the buccal

pump. The radular formula is 24 x 1.1.0.1.1. The inner lateral teeth (Fig. 13 A) are broad basally

with an acutely pointed cusp and 22-33 small, irregular denticles along the masticatory margin.

The outer laterals are smaller and reduced (Fig. 13 A). They have a short cusp along their outer side.

Central nervous system. —The ganglia of the central nervous system are highly concen-

trated and surround the esophagus, immediately posterior to the buccal mass. The cerebral and

pleural ganglia are largely fused. A sessile eye is present at the base of either cerebral ganglion. The

pedal ganglia are smaller than the cerebropleural ganglia and are separated by a short commissure.
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Paired buccal ganglia are situated ventral to the

esophagus.

Reproductive system (Fig. 12C). —The

preampullary duct is short and thin and

expands into an elongate ampulla. The ampulla

divides into a short, narrow oviduct and the

wider prostatic portion of the vas deferens. The

oviduct enters the lobate female gland mass

that consists of a small albumen gland, a lobed

membrane gland and a larger, smooth mucous

gland. These nidamental glands exit ventrally

to the vagina and penis. The prostatic portion of

the vas deferens is wide and consists of two

folded portions. The distal end of the prostatic

segment narrows into an elongate, convoluted

ejaculatory portion that terminates in a short,

wide penis. There is no distinct penial papilla.

Inside the distal end of the penis are penial

spines. The vagina exits adjacent to the penis. It

is wide and short and connects directly to the

spherical bursa copulatrix. Near the base of the

vagina, the uterine duct separates and enters the

albumen gland. Distal from the base of the

bursa copulatrix, a narrow duct connects the

bursa with the large, pyriform receptaculum

seminis.

Discussion. —This species has been

recently erroneously identified as Okenia

barnardi (Debelius. 1996:196, upper photo).

Okenia virginiae differs from O. barnardi in its

color pattern by having dark brown pigment located in the center of the notum rather than submar-

ginally and in having a network of white lines rather than opaque white spots. The outer lateral

teeth are broad basally with a rounded apex in both O. barnardi and O. virginiae, in contrast to O.

kendi, where the outer lateral teeth each have a pointed cusp. The reproductive anatomy of O.

barnardi has not been described. Okenia virginiae has a reproductive system with a short vagina

with the uterine duct entering the vagina near its base. This arrangement has not been described for

any other member of the genus.

Figure 13. Okenia virginiae sp. nov. (SAMA 35558).

Scanning electron micrographs. A. Half-row of radular

teeth; scale = 100pm. B. Jaw rodlets; scale = 6 pm.

Okenia lambat Gosliner, sp. nov.

(Tigs. IB, 14-15)

Type material. —Holotype: CASIZ 084283, 1 specimen, dissected, Devil's Pt., Maricaban

Island, Batangas Province, Luzon, Philippines, 10 mdepth, 23 February 1992, T.M. Gosliner.

Etymology. —The specific epithet lambat is derived from the Filipino word for net, refer-

ring to the network of white markings that is visible through the brown notal pigment.

Distribution. —This species is known from the Luzon Island, Philippines (present study).

Natural History. —Okenia lambat has been found under a small stone in 10 meters of

water.
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Figure 14. Okenia lambat sp. nov. (CASIZ 084283). A. ventral view of head, scale = 0.5 mm. B. Buccal mass, bp =

buccal pump, e = esophagus, r = radula sac, sg = salivary gland; 0.2 mm. C. Reproductive system, am= ampulla, be = bursa

copulatrix, fgm = female gland mass, p = penis, pr = prostate, rs = receptaculum seminis; scale = 0.1 mm.

External morphology. —The living animal (Fig. IB) was 7 mmin length. Preserved, the

specimen is 6 mmlong. The body is wide and dorsoventrally flattened. There is a well-developed,

distinct notal border. The foot extends posteriorly and is devoid of notal papillae. The general body

color is opaque yellowish white. There is a broad mid-dorsal band of brown pigment that runs from

anterior to the rhinophores to the posterior end of the foot. It is interrupted by an irregular network

of white pigment. The notal papillae, rhinophores and gill have irregular maroon spots along their

length. There are 8 pairs of elongate notal papillae along the sides of the body. A single medial

papilla is present mid-dorsally anterior to the gill. The gill consists of three elongate, unipinnate

branches. The two lateral branches are undivided and the anterior one is bifid to the base. The

rhinophores are elongate with 18 congested lamellae. The anterior end of the foot contains two

elongate rounded lobes that are united medially. The genital aperture is situated on the right side of

the body approximately a third of the length of the body posterior to the head. The foot is broad

and is divided anteriorly. A groove separates the foot from the mouth and oral tentacles (Fig. 14A).

Digestive system. —The buccal mass is thick and muscular (Fig. 14B) with a massive

rounded buccal pump directed posteriorly. There are a few elongate oral glands around the mouth.

The radular sac is relatively short and extends posteroventrally from the buccal mass. The esoph-

agus is thin and elongate and inserts into the buccal mass immediately ventral to the buccal pump.

A rounded, lobate salivary gland is present on either side of the buccal mass anterior to the junc-

tion of the esophagus with the buccal mass. A labial cuticle surrounds the lips at the opening of the

mouth. It contains irregular rounded rods. The cuticle expands as it enters the buccal pump. The

radular formula is 18 x 1 . 1 .0. 1 . 1 . The inner lateral teeth (Fig. 15 A) are broad basally with an acute-

ly pointed cusp and 18-19 denticles along the masticatory margin. The outer laterals are smaller

and reduced (Fig. 15B). They have an elongate cusp along their upper margin of the outer side and

a rounded lobe basally.

Reproductive system (Fig. 14C). —The preampullary duct is short and thin and expands

into a wide saccate ampulla. The ampulla divides into a short, narrow oviduct and the wider pro-

static portion of the vas deferens. The oviduct enters the lobate female gland mass that consists of

a small albumen gland, a lobed membrane gland and a larger, smooth mucous gland. These nida-

mental glands exit ventrally to the vagina and penis. The prostatic portion of the vas deferens is rel-

atively narrow and consists of two folded portions. The distal end of the prostatic segment narrows

into an elongate, curved ejaculatory portion that terminates in a short, wide penis. There is no dis-

tinct penial papilla. Inside the distal end of the penis are penial spines. The vagina exits adjacent to

the penis. It is wide and short and connects directly to the spherical bursa copulatrix. Near the base
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of the bursa, the uterine duct separates from the

vagina and enters the albumen gland. Also

from the base of the bursa copulatrix. an addi-

tional narrow duct connects the bursa with the

small, rounded receptaculum seminis.

DISCUSSION.—Okenia lambat is very sim-

ilar in its external appearance to O. virginiae.

Both species have a series of lateral papillae

with a single medial one and have dark brown

dorsomedial pigment interrupted by a network

of white lines. The general body color of O.

virginiae is translucent white to cream whereas

that of O. lambat is opaque yellowish white.

Internally there are other differences that dis-

tinguish these taxa. In O. lambat, the mastica-

tory margin-bearing denticles extend virtually

to the apex of the primary cusp, in O. virginiae

whereas the denticles terminate well short of

the apex. The outer lateral teeth of O. lambat

each bear an extended, acutely-pointed cusp,

but in O. virginiae the cusp is much shorter and

more rounded. Despite the fact that both O.

lambat and O. virginiae are unique in having a

much-shortened vagina, there are differences

in the reproductive anatomy of the two species.

In O. lambat the ejaculatory portion of the vas

deferens is relatively short and is of uniform

diameter throughout its length. In contrast, the

elongate ejaculatory vas deferens of O. virgini-

ae consists of a thin distal portion that expands

into a wider portion that enters the penial bulb.

In O. lambat, the uterine duct joins the vagina

at the base of the receptaculum seminis where-

as in O. virginiae it enters the genital atrium at

the base of the vagina.

Figure 15. Okenia lambat sp. nov. (CASIZ 084283).

Scanning electron micrograph of radular teeth. A. View of

half row of radular teeth; scale = 13 urn. B. Outer lateral

tooth; scale = 8.6um.

Okenia liklik Gosliner, sp. nov.

(Figs. 1Q 16-17)

Type material. —Holotype: CASIZ 168021, one specimen, Barracuda Pt., Tab Island,

Madang Lagoon, Madang, Papua New Guinea, 7 February 1988, R.C. Willan. Paratypes: CASIZ
168022, one specimen, Barracuda Pt., Tab Island, Madang Lagoon, Madang, Papua New Guinea,

7 February 1988, R.C. Willan. CASIZ 168023, one specimen, dissected, Bus Stop, Balayan Bay,

Batangas, Luzon Island, Philippines, 10 mdepth, 9 May 2001, A. Valdes.

Etymology. —The specific epithet liklik is the Papuan pidgin word for small, in reference to

the tiny body size of the mature specimens of this species.

Distribution. —This species has been found from Papua New Guinea and Luzon Island in

the Philippines (present study).
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External morphology. —The living animals (Fig. 1G) are small, 3^ mmin length. The

body is elongate and relatively high. There is a well-developed, continuous notal border.

Immediately ventral to the notum is a series of small subdermal mantle glands situated in the pos-

terior half of the body (Fig. 16 A). The foot extends posteriorly and is devoid of notal papillae. The

body color is uniformly purplish pink. There is mid-dorsal band of chocolate brown that is inter-

rupted by connected or three interrupted, irregular opaque white markings. The gill is uniformly

opaque white. All but the posterior pair of papillae are tipped with an orange subapical marking

and, in some cases, a chocolate brown apex. The posterior pair and the single medial papilla are

purple with chocolate brown, but lack orange pigment. There are 8-9 pairs of elongate notal papil-

lae along the sides of the body. The two anteriormost pairs of papillae are situated in front of the

rhinophores and are anteriorly directed. A single mid-dorsal papilla is present anterior to the gill. It

has the form of a crenulate crest rather than a more typical digitiform papilla. The gill consists of

3 unipinnate branches. The rhinophores are elongate with 17-18 congested lamellae. The anterior

end of the foot contains two elongate triangular lobes that are united medially. The genital aperture

is situated on the right side of the body approximately a third of the length of the body posterior to

the head. The foot is narrow and is divided anteriorly.

Digestive system. —The buccal mass is thick and muscular (Fig. 16B) with a large round-

ed, elongate buccal pump directed posteriorly. There are a several elongate oral glands around the

bm

Figure 16 (left). Okenia liklik sp. nov. (CASIS 168023). A. Lateral view of preserved specimen, a =anus. bm= buccal

mass, g = oral glands, mg = mantle glands: scale = 0.2 mm. B. Buccal mass, bp = buccal pump, e = esophagus, r = radula

sac: scale = 0.1 mm. C. Reproductive system, am - ampulla, be = bursa copulatrix, p = penis, pr = prostate, rs = receptac-

ulum seminis. v = vagina; scale = 0.1 mm.
Figure 17 (right). Okenia liklik sp. nov. (CASIS 168023). Scanning electron micrograph of radular teeth. A. Inner lat-

eral teeth: scale = 3p.m. B. Inner and outer lateral teeth: scale = 3um.
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mouth. The radular sac is relatively short and extends posteroventrally from the buccal mass. A
labial cuticle surrounds the lips at the opening of the mouth. No distinct rodlets are evident around

the opening of the buccal cuticle. The radular formula is 12 x 1.1.0.1.1. The inner lateral teeth (Fig.

17A, B) are broad basally with an acutely pointed cusp and 24-26 fine denticles along the masti-

cator)' margin. The outer laterals are smaller and reduced (Fig. 17B) with a single acute cusp.

Reproductive system (Fig. 16C). —The preampullary duct is short and expands into a wide

saccate ampulla. The ampulla divides into a short, narrow oviduct and the wider prostatic portion

of the vas deferens. The oviduct enters the lobate female gland mass that consists of a small albu-

men gland, a lobed membrane gland and a larger, smooth mucous gland. These nidamental glands

exit ventrally to the vagina and penis. The prostatic segment of the vas deferens is relatively nar-

row and consists of two folded portions. The distal end of the prostatic segment narrows into an

elongate, curved ejaculatory portion that terminates in a short, wide penis. There is no distinct

penial papilla. The vagina exits adjacent to the penis. It is wide and short and connects directly to

the small, triangular bursa copulatrix. Near the base of the vagina, the short uterine duct separates

from the vagina and enters the albumen gland. Also from the middle of the vaginal duct, an addi-

tional narrow duct connects the bursa with the large, rounded receptaculum seminis.

Discussion. —Okenia liklik has a distinctive purplish pink body color with orange, brown and

opaque white markings. No other described species has been described as having glands situated

near the posterior margin of the mantle. As in some other species of Okenia, such as O. japonica

and O. piirpureolineata, the body is elongate and narrow and large oral glands are present sur-

rounding the mouth. The relatively large, unifid outer lateral teeth are more elongate than those

found in other described species.

Okenia rosacea (MacFarland, 1905)

(Figs. 18-19)

Hopkinsia rosacea MacFarland, 1905:53; 1906:149, pi. 31, figs. 24,25, pi. 21, figs. 97-103.

Okenia rosacea (MacFarland, 1905) comb. nov.

Material examined. —CASIZ 072075, specimens, one dissected, Great

Tide Pool. Pacific Grove, California, 1 June 1973, Gary McDonald.

Distribution. —This species was originally described from Monterey Bay,

California (MacFarland 1905) has been found from Coos Bay, Oregon to Isla San

Martin, Baja California (Behrens 1991).

Natural History. —This species feeds upon the cheilostomatous bry-

ozoan, Eurystomella sp. (Behrens 1991).

Digestive system. —The buccal mass is large and the radular sac is elon-

gate, extending well behind the posterior end of the muscular mass. The radular

teeth of Okenia rosacea are distinctive. The inner laterals (Fig. 18) are elongate

with a recurved apex forming a distinctive hook. The outer laterals are reduced to

a small vestigial plate.

Reproductive system (Fig. 19). —The preampullary duct is short and

expands into a wide saccate ampulla. The ampulla divides into a short, narrow

oviduct and the much wider prostatic portion of the vas deferens. The oviduct

enters the lobate female gland mass that consists of a small albumen gland, a

lobed membrane gland and a larger, smooth mucous gland. These nidamental

Figure 18. Okenia rosacea (MacFarland, 1905). (CASIZ 072075) Scanning electron micrograph

of inner lateral tooth; scale = 200 \xm.
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glands exit ventrally to the vagina and penis.

The prostatic segment of the vas deferens is rel-

atively wide and consists of two folded por-

tions. The distal end of the prostatic segment

narrows into an elongate, convoluted ejaculato-

ry portion that terminates in a short, wide penis.

There is no distinct penial papilla. The vagina

exits adjacent to the penis. It is narrow and

elongate and connects directly to the large, sac-

cate bursa copulatrix. Near the distal end of the

vagina, the long uterine duct separates from the

vagina and enters the albumen gland. Also from

the distal end of the vaginal duct, an additional

naiTow duct connects to the small, saccate

receptaculum seminis. Penial hooks were not

observed.

Discussion. —Okenia rosacea is similar

to O. hiroi (Baba, 1938) in its external anatomy

and uniform pink coloration. The two species

differ markedly in their radular anatomy:

whereas O. rosacea has elongate, curved inner

lateral teeth, those of O. hiroi are denticulate

Figure 19. Okenia rosacea (MacFarland, 1905).

(CASIZ 072075). Reproductive system, am = ampulla, be =

bursa copulatrix, fgm = female gland mass, p = penis, pr =

prostate, rs = receptaculum seminis; scale =1.0 mm.

and hamate in shape. Only O. rosacea and O. nakamotoensis have elongate inner lateral radular

teeth that terminate in a sharply curved apex. Those of O. nakamotoensis are even thinner and more

elongate than those found in O. rosacea. Subsequent phylogenetic analysis shows that Hopkinsia

is nested within Okenia and is therefore regarded as a synonym of the older taxon, Okenia.

Okenia plana Baba, 1960

(Figs. 20B, 21-22)

Okenia plana Baba, 1960:80, pl.7, figs 2a-d).

Hopkinsia plana (Baba, 1960), Bouchet and Ortea, 1983:231; Rudman and Darvell, 1990:37, pi. If,

Material examined. —CASIZ 001026, six specimens, two dissected. Cooley's Landing,

East Palo Alto, San Francisco Bay, California, 2 February 1977. D. Chivers. CASIZ 101373, five

specimens, two dissected, Berkeley Fishing Pier, San Francisco Bay, California, 6 March 1963, L.

Andrews. CASIZ 083837. 1 specimen, dissected. Seafari. Calumpan Peninsula. Batangas Province,

Luzon. Philippines. 1-2 mdepth. 17 February 1992, T.M. Gosliner.

Distribution. —This species was originally described from Japan (Baba, 1960) and later

recorded from Hong Kong (Rudman and Darvell 1990), California (Steinberg 1963; Behrens

1991). NewZealand and Australia (Rudman 1998). The present specimen extends the range to the

Philippines. The specimens from California represents a human introduction (Behrens 1991).

Natural History. —In the Philippines this species was found under coral rubble in about 6

meters of water. Specimens introduced into San Francisco Bay have been observed on the encrust-

ing cheilostomatous bryozoan. Membranipora sp., growing on arborescent algae (present study).

External morphology. —The living animals (Fig. 20B) attain 10-15 mm in length.

Preserved specimens were 4-9 mmlong. The body is broad and ovoid. There is no distinct notal

border. The foot is short and does not extend beyond the oval of the general body. The body is uni-
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Figure 20. Living animals. A. Okenia pilosa (Bouchet and Ortea), 1983 (CASIZ 109784), Barracuda Point, Madang,

Papua New Guinea. B. Okenia plana Baba, 1960 (CASIZ 083837), Anilao, Luzon, Philippines. C. Okenia kondoi

(Hamatani, 2001), Balicasag Island, Bohol, Philippines. D. Okenia nakamotoensis (Hamatani, 2001), Balicasag Island.

Bohol, Philippines, photo by G. Williams. All photos by T.M. Gosliner except as otherwise noted.
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formly translucent yellowish white with the

exception of small brown spots scattered over

the surface of the notum and occasional opaque

white spots. The notal papillae, rhinophores

and gill all possess larger brown and yellow

blotches. There are 5 pairs of elongate papillae

scattered on either side of the dorsal surface of

the body. A single medial papillae is present

mid-dorsally anterior to the gill. The gill con-

sists of 9-11 unipinnate branches. The

rhinophores are relatively short with 12-15

congested lamellae. The anterior end of the foot

is deeply indented anteriorly forming a

v-shaped edge that encloses the mouth (Fig.

21 A). The oral tentacles are indistinct but are

separated from the foot by a groove. The geni-

tal aperture is situated on the right side of the

dorsal surface of the body approximately a

third of the length of the body posterior to the

head.

Digestive system. —The buccal mass is

thick and muscular with a rounded buccal

pump situated anteriorly. The radular sac is rel-

atively short. The esophagus is thin and elon-

gate and inserts into the buccal mass immedi-

ately dorsal and anterior to the entrance of the

radular sac. A rounded, lobate salivary gland is

present on either side of the buccal mass at the

point where the esophagus enters the mass. A
labial cuticle surrounds the lips at the opening of the mouth. It contains irregular rounded plates.

The cuticle expands as it enters the buccal pump. The radular formula is 21-29 x 1.1.0.1.1. in two

specimens examined. The inner lateral teeth (Fig. 22) are thin and elongate and with a straight apex.

They are devoid of denticles. The outer laterals are small and reduced with two pointed denticles

along the outer margin, occasionally with 2-3 smaller denticles along the edge.

Reproductive system (Fig. 2 IB). —The preampullary duct is short and expands into a wide

saccate ampulla. The ampulla divides into a short, narrow oviduct and the narrow vas deferens that

expands into a massive, lobate prostatic portion. The oviduct enters the highly folded female gland

mass that consists of a small albumen gland, a lobed membrane gland and a larger, smooth mucous

gland. These nidamcntal glands exit ventrally to the vagina and penis. More distally the lobate pro-

static segment of me vas deferens narrows somewhat into a second glandular section that is rela-

tively wide and consists of two folded sections. The distal end of the prostatic segment narrows

into an elongate, thin, curved ejaculatory portion that terminates in a narrow penis. There is no dis-

tinct penial papilla. The thin vaginal duct exits adjacent to the penis. It is elongate and narrow and

connects directly to the large, spherical bursa copulatrix. Near the base of the bursa, another elon-

gate duct enters the small pyriform receptaculum seminis. Also from the base of the receptaculum,

the short uterine duct enters the large female gland mass.

DISCUSSION.—Okenia plana lacks the pink color of O. rosacea and O. hiroi and is uniformly

Figure 21. Okenia plana Baba, 1960. A. Ventral view of

preserved specimen. (CASK 083837); scale = 0.6 mm. B.

Reproductive system, (CASIZ 001026), am = ampulla, be =

bursa copulatrix, fgm = female gland mass, p = penis, pr =

prostate, rs = receptaculum seminis. v = vagina; scale = 0.5

mm.



GOSLINER: TROPICAL INDO-PACIFIC GONIODORIDIDAENUDIBRANCHS 147

Figure 22. Okenia plana (Baba. 1960). Scanning electron micrographs of radular teeth. A. Half row of radular teeth of

specimen from San Francisco Bay (CASIZ 001026); scale = 10pm. B. Half row of radular teeth of specimen from the

Philippines (CASIZ 083837): scale = 10pm

yellowish white with black spots and opaque white markings on the notum and notal papillae. Its

color pattern is similar to that found in O. pilosa Bouchet and Ortea, 1983. The two species differ

in the arrangement of the notal papillae and in their radular anatomy. In O. plana there are almost

always five pairs of marginal notal papillae and a single mid-dorsal papilla, whereas in O. pilosa

there are 35—40 scattered papillae over the surface of the notum. In O. plana the inner lateral teeth

are short and evenly arched, whereas in O. pilosa the primary cusp is far more elongate. In O.

plana, the outer lateral tooth has two primary denticles with occasional 2-3 smaller denticles. In

O. pilosa the outer lateral teeth have up to 14 denticles along their outer margin.

There is little anatomical difference in the Californian and Philippine specimens examined

here. The primary difference is in the color pattern. The specimens from California have larger,

darker brown spots that are more regularly distributed over the surface of the notum and notal

papillae. There is little difference in the shape and denticulation of the radular teeth. The reproduc-

tive anatomy of this species has not previously been described. The most distinctive features of the

reproductive anatomy are the lobed prostate, the extremely narrow ejaculatory portion of the vas

deferens and the thin vagina.

Okenia pilosa (Bouchet and Ortea, 1983)

(Figs. 20A, 23-24)

Hopkinsia pilosa Bouchet and Ortea, 1983:227, figs 1-7; Rudman and Darvell, 1990:36, pl.le.

Okenia pilosa (Bouchet and Ortea, 1983) comb. nov.

Material examined. —CASIZ 109784, 10 m depth, Barracuda Point, Tab Island, Madang
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Lagoon, Madang, Papua New Guinea, 4 November 1996, T. M. Gosliner.

Distribution. —This species was originally described from New Caledonia (Bouchet and

Ortea 1983) and later recorded from Hong Kong (Rudman and Darvell 1990). The present speci-

men extends the range to Papua New Guinea.

Natural History. —This species is found under coral rubble in about 6 meters of water.

External morphology. —The living animals (Fig. 20 A) reach 13 mmin length. The pre-

served specimen was 1 1 mmlong. The body is broad and ovoid. There is no distinct notal border.

The foot is short and does not extend beyond the oval of the general body. The body is uniformly

translucent white with the exceptions of a network of opaque white and yellow pigment on the

notum and rhinophores. The gill rachises are also translucent yellow. Scattered brown spots are

present on the notum. There are 35-40 elongate papillae scattered over the dorsal surface of the

body. A single medial papilla is present mid-dorsally and is situated immediately anterior to the gill.

The gill consists of 12 bipinnate branches. The rhinophores are relatively short with 7-8 congest-

ed lamellae. The anterior end of the foot is deeply indented anteriorly forming a v-shaped edge that

Figure 23 Okenia pilosa (Bouchet and Ortea, 1983) (CASIZ 109784). A. Ventral view

of preserved specimen; scale =1.0 mm. B. Reproductive system, am = ampulla, be =

bursa copulatrix, fgm = female gland mass, p = penis, pr = prostate, rs = receptaculum

seminis. v = vagina; scale = 0.4 mm.

encloses the mouth (Fig. 23A). The oral tentacles are indistinct but are separated from the foot by

a groove. The genital aperture is situated on the right side of the dorsal surface of the body approx-

imately a third of the length of the body posterior to the head.

Digestive system. —The buccal mass is thick and muscular with a rounded buccal pump sit-

uated anteriorly. The radular sac is relatively short. The esophagus is thin and elongate and inserts

into the buccal mass immediately dorsal and anterior to the entrance of the radular sac. A rounded,

lobate salivary gland is present on either side of the buccal mass at the point where the esophagus

enters the mass. A labial cuticle surrounds the lips at the opening of the mouth. It contains irregu-

lar rounded plates. The cuticle expands as it enters the buccal pump. The radular formula is 19 x

1.1.0.1.1. The inner lateral teeth (Fig. 24) are thin and elongate and with a straight apex. They are

devoid of denticles. The outer laterals are small and reduced with an approximately 14 denticles

along the masticatory margin.

Reproductive system (Fig. 23B). —The preampullary duct is short and expands into a wide

saccate ampulla. The ampulla divides into a short, narrow oviduct and the wide prostatic portion

of the vas deferens. The oviduct enters the lobate female gland mass that consists of a small albu-

men gland, a lobed membrane gland and a larger, smooth mucous gland. These nidamental glands

exit ventrally to the vagina and penis. The prostatic segment of the vas deferens is relatively wide

and consists of two convoluted, folded portions. The distal end of the prostatic segment narrows
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into an elongate, curved ejaculatory portion

that terminates in a short, wide penis. There is

no distinct penial papilla. The vagina exits

adjacent to the penis. It is elongate and narrow

and connects directly to the small, spherical

bursa copulatrix. Near the base of the bursa, a

short duct enters the pyriform receptaculum

seminis. Also from the base of the receptacu-

lum, the short uterine duct enters the large

female gland mass.

Discussion. —As in Okenia plana, a

translucent body color with mottled brown

spots and opaque white pigment makes the liv-

ing animals of O. pilosa exceedingly cryptic

when encountered on their host bryozoans. The

anatomical distinctions between these two taxa

are reviewed in the discussion following O.

plana.

In their original description of H. pilosa,

Bouchet and Ortea (1983) revised the systemat-

ics of taxa included in Hopkinsia. They trans-

ferred Okenia plana Baba, 1960 and

Hopkinsiella, with its monotypic species, H.

hiroi. to Hopkinsia. They noted that radular dif-

ferences between Hopkinsia rosacea and

Hopkinsiella hiroi were of specific value rather than generic value. They noted that the primary fea-

ture that distinguishes Hopkinsia from Okenia is the absence of a distinct pallial ridge in the for-

mer. Bouchet and Ortea stated that members of the two genera feed on different prey with species

of Hopkinsia feeding on Bryozoa whereas species of Okenia feed on tunicates. However, it is evi-

dent from many studies, including the present work, that several species of Okenia are also special-

ists on bryozoans rather than tunicates (Burn 1967; Rudman and Darvell 1990; present study).

Subsequent phylogenetic analysis supports the inclusion of all of these taxa within a single mono-

phyletic taxon, Okenia.

Figure 24. Okenia pilosa (Bouchet and Ortea), 1983

(CASLZ 109784). Scanning electron micrograph of radular

teeth; scale = lOum.

Okenia nakamotoensis (Hamatani, 2001)

(Figs. 20D, 25-26)

Okenia sp. 1 Gosliner, Behrens and Williams, 1996: 171, fig. 604.

Hopkinsia nakamotoensis Hamatani, 2001:151, fig. 1 A-E.

Okenia nakamotoensis (Hamatani, 2001) comb. nov.

Material examined. —CASIZ 096238, 5 specimens, 2 dissected, Balacasag Island, Bohol,

Philippines, 29 m. depth, 21 March 1994, T M. Gosliner. CASIZ 096244, 2 specimens, Balacasag

Island, Bohol, Philippines, 34 m. depth, 22 March 1994, T M. Gosliner. CASIZ 117028, 1 speci-

men, 20 mdepth, R. Buoy Pinnacle, Kwajalein Atoll, Marshall Islands, 28 March 1992, S. Johnson.

CASIZ 120736, 3 specimens, Cement Ship Pinnacle, Enewetak Atoll, Marshall Islands, 21 August

1983, S. Johnson. CASIZ 120732, 4 specimens, 1 dissected, Enewetak Atoll, Marshall Islands, 5

June 1983, S. Johnson. CASIZ 120733, 5 specimens, 15 m depth, R. Buoy Pinnacle, Kwajalein
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Atoll, Marshall Islands, 18 June 1982, S.

Johnson. CASIZ 120734, 5 specimens, R.

Buoy Pinnacle, Kwajalein Atoll, Marshall

Islands, 22 June 1982, S. Johnson. CASIZ
120735, 7 specimens, 1-20 m depth, R. Buoy

Pinnacle, Kwajalein Atoll, Marshall Islands, J.

Johnson. CASIZ 093922, 5 specimens, un-

named reef near Koon Island, East Banda Sea,

Indonesia, 17-30 mdepth, 14 November 1993,

P. Fiene Severns.

Distribution. —This species is known

from the Kuroshima Island, Japan (Hamatani

2001) Indonesia. Bohol and Cebu Islands

(Philippines) and Enewetak and Kwajalein

Atolls (Marshall Islands) (Gosliner, Behrens,

and Williams 1996; present study).

Natural History. —This species is

found on outer reef faces in 10-30 meters of

water, where it feeds upon the bright red bry-

ozoan, Tropidozoum cellariforme Harmer,

1957 (Gosliner, Behrens, and Williams 1996).

External morphology. —The living

animals (Fig. 20D) attain 20 mmin length.

Preserved specimens range in size from 3-13

mm. The body is elongate and wide. There is

no distinct notal border. The foot extends pos-

teriorly and is devoid of notal papillae. The body is uniformly red with the exceptions of the gill

rachises and the base of the notal papillae, which are pinkish white. The gill lamellae and apices of

the notal papillae are the same color as the remainder of the body. There are five pairs of elongate

notal papillae along the sides of the body. Two of these are situated anterior to the rhinophores. A
single medial papilla is present mid-dorsally anterior to the gill. The gill consists of 3-4 unipinnate

branches. The rhinophores are elongate with 13-20 congested lamellae. The anterior end of the foot

is rounded and forms a projection anterior to the mouth. The oral tentacles are fused to form an oral

veil. The genital aperture is situated on the right side of the body approximately a third of the length

of the body posterior to the head.

Digestive system. —The buccal mass is thick and muscular (Fig. 25A) with a rounded buc-

cal pump situated anteriorly. The radular sac is elongate and is approximately equal in length to the

rest of the buccal mass. The esophagus is thin and elongate and inserts into the buccal mass imme-

diately dorsal and anterior to the entrance of the radular sac. A rounded, lobate salivary gland is

present on either side of the buccal mass at the point where the esophagus enters the mass. A labi-

al cuticle surrounds the lips at the opening of the mouth. It contains irregular rounded plates. The

cuticle expands as it enters the buccal pump. The radular formula is 16 x 1.1.0.1.1. The inner lat-

eral teeth (Fig. 26A) are extremely thin and elongate and with a hooked apex (Fig. 26B). They are

devoid of denticles. Some of the older teeth are eroded and have a simple rounded or irregularly

fractured apex. The outer laterals are small and reduced (Fig. 26C) with an anteriorly directed cusp.

Central nervous system. —The ganglia of the central nervous system are highly concen-

trated and surround the esophagus. The cerebral and pleural ganglia are largely fused. A sessile eye

Figure 25. Okenia nakamotoensis (Hamatani, 2001)

(CASIZ 096238). A. Buccal mass, bp = buccal pump, e =

esophagus, sg = salivary gland, r = radula sac; scale = 1.0

mm. B. Reproductive system, am= ampulla, be = bursa cop-

ulatrix. fgm = female gland mass, p = penis, pr = prostate, rs

= receptaculum seminis, v = vagina; scale = 0.5 mm.
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Figure 26. Okenia nakamotoensis (Hamatani, 2001) (CASIZ 096238). Scanning electron micrographs. A. Inner lateral

teeth, scale = 150 um. B. Apices of inner lateral teeth; scale = 34 pm. C. Outer lateral tooth; scale = 20 pm.

is present at the base of either cerebral ganglion The pedal ganglia are smaller than the cerebro-

pleural ganglia and are separated by a short commissure. Paired buccal ganglia are situated ventral

to the esophagus.

Reproductive system (Fig. 25B). —The preampullary duct is short and thin and expands

into an ovoid ampulla. The ampulla divides into a short, narrow oviduct and the wide prostatic por-

tion of the vas deferens. The oviduct enters the lobate female gland mass that consists of a small

albumen gland, a lobed membrane gland and a larger, smooth mucous gland. These nidamental

glands exit ventrally to the vagina and penis. The prostatic portion of the vas deferens is wide and

consists of approximately three coils. The distal end of the prostatic segment narrows into a short,

straight ejaculatory portion that terminates in an indistinct, but slightly wider penis. There is no dis-
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tinct penial papilla. Inside the distal end of the penis are penial spines. The thin elongate vagina

exits adjacent to the penis. It connects to the large, spheroid bursa copulatrix. From the base of the

bursa a short duct connects to the small, serial receptaculum seminis. From the proximal end of the

receptaculum the uterine duct joins with the female gland mass.

Discussion. —The original description of O. nakamotoensis (Hamatani, 2001) includes illus-

trations of the external anatomy, the buccal mass and the radular teeth. All of these features, as orig-

inally described, are consistent with the present material from the Marshall Islands and the

Philippines. The shape of the inner lateral teeth closely resembles that described for the type

species of the genus Hopkinsia, O. rosacea. In both taxa, the inner laterals are thin and elongate

with a hook-shaped apex, although the teeth are thinner and more elongate in O. nakamotoensis

than in O. rosacea. Okenia nakamotoensis differs externally from O. rosacea. It is bright red with

white pigment situated basally on the notal appendages and red apices whereas O. rosacea is uni-

formly pink in color. Also, O. rosacea has more numerous randomly distributed notal appendages

while O. nakamotoensis has five pairs of lateral appendages and a single mid-dorsal appendage

anterior to the gill. The reproductive systems of the two species are similar in configuration with

several notable differences. Although the ampulla of O. rosacea is larger than that found in O.

nakamotoensis, the prostatic portion of the vas deferens of O. nakamotoensis is more highly con-

voluted, consisting of several loops, than that of O. rosacea.

Okenia kondoi (Hamatani, 2001)

(Figs. 20C, 27-28)

Sakishimaia kondoi Hamatani, 2001:153, Fig 2a-e.

Okenia kondoi (Hamatani. 2001) comb. nov.

Material examined. —CASIZ 158272, 5 specimens, Balacasag Island, Bohol, Philippines,

29 m. depth, 21 March 1994, T.M. Gosliner. CASIZ 106551, 7 specimens, 1 dissected, Agus Point,

Mactan Island, Cebu, Philippines. 20 m. depth, 27 April 1996, M. Miller and T.M. Gosliner. CASIZ
158273. 4 specimens, CASIZ 120732, 4 specimens, Enewetak Atoll. Marshall Islands, 5 June 1983,

S. Johnson.

Distribution. —This species is known from the Kuroshima Islands, Japan (Hamatani, 2001),

Bohol and Cebu Islands (Philippines) and Enewetak and Kwajalein Atolls (Marshall Islands)

(Gosliner. Behrens. and Williams 1996: present study).

Natural History. —This species is found together with O. nakamotoensis on outer reef

faces in 10-30 meters of water, where it feeds upon the bright red bryozoan, Tropidozoum cellari-

forme Harmer. 1957.

External morphology. —The living animals (Fig. 20C) attain 20 mmin length. Preserved

specimens range in size from 3-13 mm. The body is elongate and narrow. There is no distinct notal

border. The foot extends posteriorly and is devoid of notal papillae. The body is uniformly red with

the exceptions of the gill rachises and the base of the notal papillae, which are pinkish white. The

gill lamellae and apices of the notal papillae are the same color as the remainder of the body. There

are four pairs of elongate notal papillae along the sides of the body. Two of these are situated ante-

rior to the rhinophores and are more thin and elongate than the more lateral ones. A single medial

papilla is present mid-dorsally anterior to the gill. The gill consists of 3-5 unipinnate branches. The

rhinophores are elongate with 10-20 congested lamellae. The anterior end of the foot expands into

two rounded lobes that are united as a small hood that surrounds the mouth (Fig. 27A). The geni-

tal aperture is situated on the right side of the body approximately a third of the length of the body

posterior to the head.
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Figure 27 (left). Okenia kondoi (Hamatani, 2001) (CASIZ 106551). A. ventral view of head; scale = 0.2 mm. B.

Reproductive system, am = ampulla, be = bursa copulatrix, fgm = female gland mass, p = penis, pr = prostate, rs = recep-

taculum seminis, v = vagina; scale = 0.3 mm.
Figure 28 (right). Okenia kondoi (Hamatani, 2001) (CASIZ 106551). Scanning electron micrographs. A. Radular teeth;

scale = 35 um. B. Penial armature; scale = 100 urn.

Digestive system. —The buccal mass is thick and muscular with a rounded buccal pump sit-

uated anteriorly. The radular sac is short and protrudes only slightly from the buccal mass. The

esophagus is thin and elongate and inserts into the buccal mass immediately dorsal and anterior to

the entrance of the radular sac. A rounded, lobate salivary gland is present on either side of the buc-

cal mass at the point where the esophagus enters the mass. Lobate oral glands are present at the

anterior end of the buccal mass around the mouth. The radular formula is 25 x 1.1.0.1.1. The inner

lateral teeth (Fig. 28A) are truncate with a broad base and an elongate masticatory margin. The

tooth contains 16-17 elongate denticles. The outer laterals are small and reduced to elongate,

fan-shaped, quadrangular plates.

Reproductive system (Fig. 27B). —The preampullary duct is short and thin and expands

into an elongate, cylindrical ampulla. The ampulla is curved and divides into an elongate, narrow

oviduct and the wide prostatic portion of the vas deferens. The oviduct enters the rounded, elon-

gate receptaculum seminis. The lobate female gland mass consists of a small albumen gland, a

lobed membrane gland and a larger, smooth mucous gland. These nidamental glands exit ventral-

ly to the vagina and penis. The prostatic portion of the vas deferens is wide and consists of two

folded adjacent portions. The distal end of the prostatic segment narrows into a long, curved ejac-

ulatory portion that terminates in a distinct conical penis. Protruding from the penial bulb is a cutic-

ular portion bearing rows of chitinous hooks (Fig. 28B). The thick short base of the massive bursa
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copulatrix functions as the vagina. Near its base is a short duct that bifurcates and joins the albu-

men gland and the elongate receptaculum seminis.

Discussion. —Hamatani (2001) described Sakishimaia as a distinct genus based on the pres-

ence of a cylindrical slender body, absence of a pallial margin and velum and the absence of sec-

ond (outer) lateral teeth. Scanning electron micrographs of the radula of O. kondoi (Fig. 28A) clear-

ly show the presence of outer lateral teeth. The only characteristic unique to O. kondoi is the more

body shape that is more elongate than species of Hopkinsia. This feature is shown to represent an

autapomorphy for this taxon. The phylogeny presented here indicates that O. kondoi is nested with-

in Hopkinsia, which in turn is nested within Okenia. Consideration of Sakishimaia as a distinct

genus renders Hopkinsia paraphyletic. Similarly maintaining Hopkinsia makes Okenia paraphylet-

ic. Thus, I consider it more prudent to consider Sakishimaia as a synonym of Okenia to maintain

the monophyly of this taxon.

PHYLOGENETICS

To date, no phylogenetic analysis has been undertaken for members of the genera Okenia,

Hopkinsia, Hopkinsiella and Sakishimaia. In the absence of phylogenetic studies there has been no

objective test of the monophyly of these taxa. Recent works including these taxa (Bouchet and

Ortea 1983; Hamatani 2001) have based systematic revisions exclusively on traditional rather than

phylogenetic criteria. It is therefore important to conduct a preliminary phylogenetic analysis of

members of these taxa. To facilitate such an analysis, morphological and anatomical studies were

undertaken. Most data used to construct the matrix for phylogenetic analysis are derived from the

morphological studies presented here. In addition to the species specifically discussed here, speci-

mens of Okenia angelensis Lance, 1966 were examined (CASIZ 072351, 4 specimens, one dissect-

ed, Morro Bay, California, May- June 1981, David Behrens). Morphological description for other

species were taken from the literature to represent morphological variation and geographical

breadth. Specifically, anatomical details for the following taxa were derived from the following

morphological studies: Diaphorodoris luteocineta (Schmekel and Portmann, 1982), Goniodoris

nodosa (Thompson and Brown, 1984), Okenia impexa (Marcus, 1958; Schmekel and Portmann

1982), O. zoobotiyon (Marcus, 1957, as O. evelinae: Valdes and Ortea 1995), O. quadricornis

(Valdes and Ortea, 1995), O. elegans (Valdes and Ortea, 1995), O. aspersa (Schmekel and

Portmann, 1982), O. mediterranea (Valdes and Ortea, 1995) and O. hiroi (Baba, 1938).

To determine the phylogenetic relationships of species of Okenia, Hopkinsia, Hopkinsiella and

Sakishimaia, twenty morphological characters and one biological character were examined for 23

taxa, including Diaphorodoris luteocineta and Goniodoris nodosa as outgroup taxa. These taxa

were chosen primarily because their anatomy is reasonably well described. These taxa also repre-

sent an excellent sample of the morphological variation that is known to exist in these taxa and also

represent global geographical coverage of the known distribution of the Goniodorididae. All char-

acters were treated as unordered. The following characters were considered:

1

.

Body shape: In the outgroup taxa and in many species of Okenia and Hopkinsia the body is short and ovoid

(0). In some species of Okenia and Sakishimaia kondoi the body is narrow and elongate (1).

2. Mantle between notum and foot: In the outgroup and species of Okenia, the lateral margins of the body

provide a surface distinct from the notum and foot (0). In these taxa, the genital opening is situated on this

lateral surface of the right side of the body. In species of Hopkinsia and Sakishimaia, there is no distinct

lateral surface and the notum slopes to the foot (1). In these taxa. the genital opening is on or near the lat-

eral margin of the notum.

3. Notal ridge: In the outgroup taxa the notal edge is demarcated by a distinct thickening of tissue around its
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entire margin (0), whereas all of the ingroup taxa lack any thickening around the mantle margin (1).

4. Mid-dorsal crest: In the outgroup taxa and Okenia mediterranea, there is a distinct mid-dorsal longitudi-

nal crest that extends between the rhinophores and gill (0). In the remaining taxa, no thickening of tissue

is present (1).

5. Caudal crest: The outgroup taxa, O. mediterranea and O. quadricornis have a caudal crest extending along

the middle of posterior portion of the foot (0). This feature is absent in the remaining taxa studied here (1).

6. Oral tentacle shape: In Diaphorodoris luteocincta and several species of Okenia, the oral tentacles are

rounded in shape (0). In other species, including Goniodoris nodosa and most species of Okenia, the oral

tentacles are triangular and tentacular (1), whereas in species of Hopkinsia and Sakishimaia, the oral ten-

tacles are fused with the mouth region to form an oral veil (2).

7. Buccal pump: In most species examined here, including the outgroup taxa and most of the ingroup taxa,

the buccal pump portion of the buccal mass is moderately expanded (0), whereas in Okenia virginiae and

O. lambat it is greatly expanded into a massive structure (1).

8. Radular sac: In the outgroup and vast majority of the ingroup taxa, the radular sac is much shorter than

the rest of the buccal mass (0) whereas in Hopkinsia rosacea and H. nakamotoensis it is almost as long or

longer than the buccal mass (1).

9. Marginal papillae: In the outgroup taxa, the margin of the notum may be undulate or irregular, but distinct

lateral papillae are absent (0). In all of the ingroup taxa, elongate lateral papillae extend outward from the

sides of the body (1).

10. Mid-dorsal papillae: In the ingroup taxa there are numerous conical papillae evenly distributed over the

surface of the notum. This arrangement is also found in some species of Okenia and Hopkinsia pilosa.

Mid-dorsal papillae are absent in O. aspersa and O. quadricornis (1). Okenia purpureolineata is unique in

having two mid-dorsal papillae anterior to the gill (2). In many species of Okenia, Hopkinsia and

Sakishimaia, there is a single mid-dorsal papillae anterior to the gill (3).

1 1

.

Rhinophoral lamellae: In the outgroup taxa and the vast majority of ingroup taxa, the rhinophores are char-

acterized by having crowded lamellae along most of their length (0). In Okenia angelensis, O. impexa, O.

pellucida, O. zoobotryon and O. brunneomaculata the rhinophoral lamellae are well separated from each

other (1).

12. Inner lateral tooth shape: In the outgroup and most ingroup taxa the inner lateral teeth have a broad shape

with a thick pointed cusp (0). In Hopkinsia rosacea and H. nakamotoensis the inner lateral teeth are high-

ly modified and much elongated (1).

13. Inner lateral tooth denticulation: The ingroup taxa, Hopkinsia hiroi, and many species of Okenia the mas-

ticatory margin of the inner lateral tooth bears numerous fine teeth (0). Some species of Okenia and

Sakishimaia (O. impexa, O. pellucida, O. zoobotryon, O. brunneomaculata, S. kondoi) have inner lateral

teeth with fewer, coarser denticles (1). In Hopkinsia rosacea, H. pilosa, H. plana and H. nakamotoensis

the inner lateral teeth entirely lack denticles (2).

14. Inner lateral tooth apex: In the outgroup taxa and the vast majority of ingroup taxa the apex of the inner

lateral tooth is gently curved with an acute apex (0). In Hopkinsia rosacea and H. nakamotoensis, the apex

of the inner laterals are sharply curved with a rounded apex (1).

15. Outer lateral tooth: The shape of the outer lateral teeth varies considerably in the taxa considered. In the

outgroup and most of the ingroup taxa the outer laterals have a single apex (0). In Okenia impexa and O.

brunneomaculata the outer lateral teeth have a deeply divided tooth with two sharp projections (1). The

outer lateral tooth of Hopkinsia rosacea and H. nakamotoensis is greatly reduced in size to a tiny plate (2).

The outer lateral tooth of Sakishimaia kondoi is flat and quadrangular in shape (3). The outer lateral tooth

of Hopkinsia plana and H. pilosa is multidenticulate (4).

16. Oral glands: In the outgroup taxa and the vast majority of ingroup taxa studied here, there are minute oral

glands at the anterior base of the buccal mass, adjacent to the mouth (0). Large oral glands are present in

Okenia japonica, O. liklik and O. purpureolineata (1). The development of oral glands remains unknown

for Okenia aspersa, O. zoobotryon and Hopkinsia hiroi (?).

17 .Ampulla length: The ampulla provides the hermaphroditic duct from the ovotestis to the genital aperture.

It also serves as an endogenous sperm storage organ. In the outgroup taxa and many ingroup taxa, the

ampulla is elongate (0). In Okenia japonica, O. virginiae, O. impexa, O. brunneomaculata, O. lambat, O.



156 PROCEEDINGSOFTHECALIFORNIA ACADEMYOF SCIENCES
Volume 55, No. 5

purpureolineata, H. pilosa, H. plana, H. rosacea, H. nakamotoensis and Sakishimaia kondoi, it is short (1).

The form of the ampulla is not known for O. aspersa or O. quadricornis (?).

IS. Receptaculum seminis: In the outgroup and the vast majority of ingroup taxa the diameter of the receptac-

ulum seminis is about the same size as the bursa copulatrix (0) whereas in species of Hopkinsia and

Sakishimaia kondoi, the diameter of the receptaculum seminis is much smaller than the bursa copulatrix

(1). The form of the receptaculum seminis is not known in Okenia quadricornis, O. aspersa, O. zoobotry-

on or Hopkinsia hiroi (?).

19. Uterine duct: In the outgroup taxa and the majority of ingroup taxa the uterine duct is proximal to the

receptaculum seminis (0). In O. japonica, O. virginiae, O. lambat, O. kendi and O. liklik, the uterine duct

emerges from the vagina (1). The uterine duct position is unknown for Okenia quadricornis, O. aspersa

or Hopkinsia hiroi (?).

20. In the outgroup taxa and the vast majority of the ingroup taxa, the vagina is long (0). In Okenia virginiae,

O. lambat and O. kendi, the vagina is short (1). The length of the vagina is unknown for Okenia quadri-

cornis, O. aspersa, O. zoobotryon or Hopkinsia hiroi (?).

21. Members of the taxa studied either feed on bryozoans (0) or tunicates (1). Food associations are unknown

for Okenia liklik (?).

In order to determine phylogenetic relationships, the following data were entered into a data

matrix using MacClade 3.01 (Table 1). This analysis was performed using PAUP3.1.1, for the data

matrix. All characters were treated as un-ordered and unweighted. A Heuristic search using step-

wise addition from 1000 random starting trees was undertaken using the DELTRANoption, result-

ing in 200 trees with a length of 41, a consistency index of 0.683 and retention index of 0.824. The

strict consensus of these trees is shown in Figure 29. Bremer support analysis was conducted to test

the robustness of the tree.

Discussion

The preliminary phylogeny presented here is moderately well supported, given the number of

characters. Bremer support values are included in Figure 29. Most nodes have a Bremer support

value of 1. The two most basal nodes have a Bremer support value of at least 2. Additionally, the

clade that contains Hopkinsia rosacea and H. nakamotoensis also has a value of at least 2. Further

analysis was not possible, owing to the large number of trees that were produced (more than

60,000) after adding trees with two more steps. Adding a third step to the tree lengths far exceed-

ed the computing ability of the computer dedicated to phylogenetic analysis. The greater robust-

ness of these basal clades is especially important for the subsequent systematic conclusions that are

discussed.

The phylogenetic hypothesis presented in Figure 29 suggests several important aspects regard-

ing the phylogeny of Okenia, Hopkinsia, Hopkinsiella and Sakishimaia. These taxa collectively

form a monophyletic taxon characterized by two synapomorphies (presence of marginal papillae

and absence of a notal ridge). Okenia mediterranea is the sister taxon to all the remaining mem-

bers of the ingroup. Several large monophyletic clades are formed by species traditionally includ-

ed in Okenia. This first clade contains the European Atlantic taxa, O. elegans, O. aspersa and O.

quadricornis and is the sister group to all the remaining taxa. This clade is supported by an ecolog-

ical synapomorphy. that all these taxa feed on tunicates rather than bryozoans. It is also interesting

to note that Valdes and Ortea (1995) considered O. aspersa and O. quadricornis as the same

species. This issue needs to be more fully studied with comparative material from Atlantic and

Mediterranean waters. Members of this clade have short, rounded oral tentacles, as in the outgroup

taxon Diaphorodoris luteocincta. Okenia leachi (Alder and Hancock, 1854) may also be a mem-

ber of this clade. It also has rounded oral tentacles and feeds upon tunicates, but its anatomy

remains largely unknown.
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The sister group of these three species contain three distinct clades. The first of these, support-

ed by two apomorphies (tentacular oral tentacles, sparse rhinophoral lamellae) contains O. ange-

lensis, O. zoobotryon, O. pelllucida and the sister species, O. impexa and O. brunneomaculata.

Okenia impexa and O. brunneomaculata share two synapomorphies, coarse denticles on the inner

lateral tooth and a bifid outer lateral tooth. Additionally, all of these taxa have a translucent white

body color with varied brown markings. They also all appear to feed upon ctenostomatous bry-

ozoans. It appears that O. mija Burn, 1967 may also be a member of this clade. Its internal anato-

my remains largely unknown, but it has a similar color pattern, feeds on ctenostomatous bryozoans

and has sparse rhinophoral lamellae. Collectively members of this clade inhabit a wide geograph-

ical area and include subtropical and tropical Atlantic, Eastern Pacific and Indo-Pacific taxa.

Understanding the detailed phylogeny of this clade may also shed some additional light on the his-

torical biogeography of this taxon.

The second clade is supported by three synapomorphies (absence of a distinct lateral surface

of the body, oral tentacles fused with the mouth region to form an oral veil and the presence of a

short ampulla). Sakishimaia kondoi is nested within the species traditionally placed within

Hopkinsia. Hopkinsiella hiroi is basal within this clade, but lacks any autapomorphies. Hopkinsia

rosacea and H. nakamotoensis are sister species, a relationship that is supported by five synapo-

morphies. These taxa are all Pacific in their distributions, from the Indo-Pacific tropics and sub-

tropics and temperate Japan and California.

The third clade is restricted to the Indo-Pacific tropics and adjacent subtropical waters of

Japan. It is supported by three synapomorphies, the presence of tentacular oral tentacles, the pres-

ence of a single mid-dorsal papillae and the presence of short ampulla. This clade is divided into

two sister clades. One of these, contains Okenia liklik, O. purpureolineata and O. japonica. These

three species have an elongate body and large oral glands. These taxa are restricted to the margins

of the western Pacific. The other subclade contains O. kendi, and the sister species, O. lambat and

O. virginiae. This clade is supported by the presence of a short vaginal duct and a uterine duct that

emerges from the vagina. Okenia barnardi Baba, 1937, also appears to be a member of this clade.

This is suggested by its body shape, arrangement of lateral papillae and the presence of a single

medial papillae anterior to the gill. The anatomy of this species remains largely undescribed.

Several systematic conclusions are evident from this phylogenetic analysis. On the basis of

this preliminary phylogeny. Sakishimaia must be considered to be a junior synonym of Hopkinsia,

since it is nested within Hopkinsia and maintaining it would render Hopkinsia paraphyletic.

The monophyly of the ingroup is supported when only single outgroup taxa are included

(either Diaphorodoris luteocincta or Goniodoris nodosa) and the other taxon is included in the

ingroup. The monophyly of Hopkinsia (including Sakishimaia kondoi) is well supported. However,

Okenia is paraphyletic when Hopkinsia is maintained, as the latter taxon is nested well within

Okenia. One possible systematic solution is to create a series of subgeneric names in order to main-

tain Hopkinsia. This does not seem to add any information not already contained in the phylogeny

and adds unnecessary names to the nomenclature. A second solution is to include all of the ingroup

taxa within a single monophyletic taxon, Okenia. In this case, Hopkinsia, Hopkinsiella and

Sakishimaia would be junior synonyms of Okenia.

It is with regret that I feel compelled to adopt this latter solution. Hopkinsia is a much beloved

name that honors the founding of the Hopkins Marine Station of Stanford University and was erect-

ed by Frank Mace MacFarland. former Stanford Professor of Biology and President of the

California Academy of Sciences. Nevertheless, it is the most simple solution that preserves mono-

phyly and does not create a nomenclature that is unnecessarily complicated. Therefore. Hopkinsia,

Hopkinsiella and Sakishimaia are here considered as junior synonyms of Okenia.
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At least 12 additional described species of Okenia have not been fully studied for the anatom-

ical characters included in this study. At least four undescribed species of Okenia are known to

occur in the eastern Pacific tropics and two undescribed species are known from Australian waters.

These taxa should be examined and incorporated into subsequent phylogenetic studies. Additional

phylogenetic studies of the remaining goniodoridid and onchidoridid genera are also to necessary

to produce a broader understanding of the phylogeny and systematics of these poorly understood

dorid nudibranchs.
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